OBJECTIVES: Thymectomy plays an important role in patients with myasthenia gravis (MG). This study aimed to explore predictors of postoperative myasthenic crisis (POMC) after thymectomy and to define a predictive score of respiratory failure.
INTRODUCTION
Thymectomy, alone or combined with immune-suppressive and anticholinesterase therapies, has been accepted as the standard treatment for myasthenia gravis (MG) [1, 2] . Although myasthenic crises, occurring in 15-20% of the myasthenic patients in the first 2 years of disease, can be triggered by multiple factors, few reports on the incidence of postoperative myasthenic crisis (POMC) and its prognostic factors are present in the English scientific literature [3, 4] . Also, there is a lack of validated benchmarks to support the anaesthesiologist's and the surgeon's decision-making process in the pre-and perioperative setting of MG patients undergoing thymectomy.
In this mono-centric study, we have analysed the factors affecting the perioperative course and the predictors of POMC after thymectomy for MG. Moreover, stemming from our results, we have outlined the proposal for a multivariate scoring system to predict respiratory failure after surgery.
MATERIALS AND METHODS
In the period between January 1995 and December 2011, the clinical records of 196 patients undergoing thymectomy for MG in the Department of Thoracic Surgery at 'Agostino Gemelli' General Hospital have been retrospectively reviewed. Nineteen cases were excluded from the study for incompleteness of information, and thus, the final sample considered for the statistical analysis comprises 177 individuals. The diagnosis of MG was confirmed by a single neurologist using standard clinical and instrumental (anticholinesterase test and electromyography) tests. According to the Osserman and Genkins [5] classification, the clinical severity of MG was graded in five stages (I, ocular signs only; IIA, generalized mild muscle weakness; IIB, generalized moderate weakness and/or bulbar dysfunction; III, acute fulminating presentation and/or respiratory dysfunction; IV, late generalized weakness). For the statistical analysis, Osserman-stage was categorized into three groups according to the presence of bulbar symptoms: Stage I-IIA; Stage IIB and Stage III-IV. The preoperative work-up included routine biochemical tests, electrocardiography and chest X-ray. Computed tomography scan was performed in order to differentiate benign thymic disease or thymoma in selected cases. Pulmonary function was measured using a volume displacement body plethysmograph (Platinum Elite™, Medical Graphics Corporation, St Paul, MN, USA). Lung volumes were measured according to American Thoracic Society/European Respiratory Society guidelines. The indication for thymectomy, jointly decided by the neurologist and the surgeon, included: (1) new onset of generalized MG; (2) failure of conservative therapy and (3) diagnosis of thymoma. Surgery was performed within 2-3 weeks of diagnosis, upon indication of the neurologist. The pharmacological treatment was optimized and stabilized for all patients, and the drug regimen was maintained up to the time of operation. In particular, 80% of the sample had therapy with pyridostigmine and corticosteroid; a preoperative plasmapheresis was also performed in 15 patients.
The induction of anaesthesia and endo-tracheal intubation were performed without muscle relaxants; anaesthesia was maintained with sevoflurane or desflurane (with nitrous oxide-50-60%) and oxygen (40-50%) by volume-controlled ventilation.
Surgery was performed by a single surgeon; trans-sternal thymectomy with excision of perithymic fat and the adjacent mediastinal pleura was performed according to the technique of Jaretzki and Wolff [6] . As discussed elsewhere [7] , we have adopted a video-assisted infra-mammary cosmetic incision and median sternotomy in case of suspected benign disease. Whenever appropriate, the resection of the pleura, pericardium, lung and phrenic nerve(s) was performed. According to the status of the mediastinal pleura, one to three chest tubes were placed in the thoracic cavity.
If possible, extubation was performed in the operating room or intensive care unit (ICU) within 24 h of the operation. The extubation criteria for weaning from mechanical ventilation, included in the spontaneous breathing trial, were: (1) clear consciousness; (2) normal gas exchanges (SpO 2 > 85-90%; pO 2 > 50-60 mmHg; pH > 7.32; increase in PaCO 2 < 10 mmHg); (3) haemodynamic stability ( pulse < 120-140 bpm; systolic blood pressure < 180-200 mmHg) and (4) stable ventilation pattern (respiratory rate < 30-35 breaths/min). The spontaneous breathing trial was performed with a pressure support ventilation, using a gradual decrease in the pressure support to a minimum level of 5-8 cm H 2 O.
Postoperative analgesia was maintained with an intravenous administration of ketorolac (every 12 h) or paracetamol (every 8 h).
In our study, POMC was defined as an event of respiratory failure due to neuromuscular weakness occurring in patients with a prolonged postoperative intubation (more than 24 h) or who were successfully weaned from a mechanical ventilator after thymectomy and required a re-intubation or a resuscitation support. Cholinergic crises or respiratory failures due to phrenic paralysis, lung infection or COPD exacerbation were excluded from the definition of POMC.
Patients' clinical records were reviewed and the following parameters were recorded: gender, age, body mass index (BMI), antiacetylcholine receptor (AChR)-antibody level, comorbidities, duration of symptoms, bulbar symptoms, Osserman-stage, Myasthenia Gravis Foundation of America (MGFA) stage, history of preoperative crisis, use of immoglobulins or plasmapheresis, kind of drug therapy, spirometric and blood gas parameters, histology, extension of surgery, myasthenic complication, non-myasthenic complications (NMCs), duration of mechanical ventilation, the need of re-intubation, hospital stay and ICU stay. Thymic lesions were classified according to the WHO classification; Masaoka staging annotations were added in all cases of thymoma.
Statistical analysis
The primary endpoint of the study was the incidence of POMC and this was defined before the start of the study. Secondary endpoints were: occurrence of complications, ICU stay longer than 24 h, intubation longer than 6 h and re-intubation. The sample characteristics were summarized by absolute and relative frequencies for categorical variables and by means ± standard deviations for continuous variables. For each outcome, simple logistic regression analysis was carried out to estimate the pure effect of all factors (unadjusted odds ratios (ORs)); subsequently, multiple logistic regression analysis was implemented to identify independent predictors of all outcomes and to obtain adjusted estimates of effect (adjusted ORs). The final multiple logistic regression models for all outcomes were achieved by applying a forward variable selection procedure, iteratively; the selection procedure was stopped when no statistically significant contribution could be obtained by the inclusion of an additional variable into the model; variables associated with previously selected factors were excluded from the model selection.
A new scoring system for POMCs was built based on the estimation results obtained by the multivariable logistic regression analysis on POMCs. Description of the criteria applied is provided in the results section. The predictive role of this new score was also evaluated by means of logistic regression analysis and findings are presented in the results section.
The threshold for statistical significance was set at P < 0.05. All analyses were performed in the STATA/SE V12.0 software package.
RESULTS

Essential features of the patient population
The clinical, pneumological and surgical characteristics of the total sample are summarized in Table 1 Overall complications, postoperative myasthenic crisis, non-myasthenic complications
The occurrence of postoperative complications was investigated to identify factors predictive of any complication, POMC and NMC.
Regarding the occurrence of any complication, simple logistic regression identified eight variables with a statistically significant pure effect: age >60 years (P = 0.023), Osserman-stage higher than IIB (IIB P = 0.007; III-IV P = 0.003), bulbar symptoms (P < 0.001), BMI ≥28 (P = 0.008), cardio-vascular comorbidities (P = 0.008), plasmapheresis (P = 0.001), lung resection (P = 0.027) and thymoma with WHO classification higher than B2 (P = 0.046). From multivariable logistic regression analysis, it emerged that Osserman classification, duration of MG and immunosuppressive therapy were independent predictive factors for a complication. More specifically, it was estimated that Osserman- The analysis of pre-and intra-operative predictors of POMCs was the focal point of this study ( Table 2) . From the simple logistic regression, age >60 years (P = 0.040), Osserman-stage higher than IIB (IIB P = 0.037; III-IV P = 0.015), bulbar symptoms (P = 0.008), BMI ≥ 28 (P = 0.003), preoperative use of plasmapheresis (P = 0.021), duration of symptoms >2 years (P = 0.036), extended surgery (P = 0.045) with lung (P = 0.008) or pericardial (P = 0.006) or pleural resection (P = 0.012), vital capacity (VC)% ≤ 80% (P = 0.025) and PaCO 2 ≥ 40 mmHg (P = 0.032) were associated with the occurrence of POMC. Multivariate analysis confirmed that Osserman- Concerning the analysis of NMCs, the following variables were found to be significantly associated with the outcome: Osserman-stages III-IV (P = 0.024), bulbar symptoms (P < 0.001), cardio-vascular comorbidities (P = 0.006) and preoperative plasmapheresis (P = 0.012). Multiple logistic regression analysis confirmed that bulbar symptoms (OR = 8.89 [2.97-26 .58], P < 0.001) and cardio-vascular comorbidities (OR = 2.73 [1. .96], P = 0.012) were independent predictive factors for NMCs.
Postoperative myasthenic crisis scoring system
As shown in the analysis of POMCs, we could identify four independent prognostic factors for the occurrence of such complications: Osserman-stage, BMI, duration of symptoms and lung resection.
As explained before, history of preoperative myasthenic crisis was not taken into account since statistically strongly associated with Osserman-stage. Thus, we considered Osserman-stage (categorized into three groups: I-IIA, IIB, III-IV), BMI (divided into two groups: <28 and ≥28), time between diagnosis of MG and surgery (divided into three groups: <1, 1-2, >2 years) and pulmonary resection (dichotomized: yes or no). To obtain a pre-and intra-operative clinical evaluation that allowed prediction of the development of a POMC, different scores were built using different combinations of these factors. We herein propose a score that showed to be the most appropriate in terms of best convergence and best fit and that maximized the sensitivity and the specificity of the model. A different weight was assigned to each factor, such that it could be representative of the strength of effect estimated by the ORs in the Continued THORACIC previously reported multiple logistic regression analysis (Table 3) . The final score ranges from 0 to 8.5 points. We then divided our sample into four groups with increasing odds of developing POMC (Fig. 1) . In particular, the distribution of patients with POMCs over the four groups was as follows: Group I-score <2.5 = 6.4%, Group II -score 2.5-3.0 = 10.5%, Group III-score 3.5-4.0 = 25% and Group IV-score >4.0 = 50% (Table 4 ). According to logistic regression analysis, the odds of developing POMC increase with groups, reaching statistical significance with Group III (OR = 4.87 [1.25-18 .93], P = 0.022) and Group IV (OR = 14.60 [3.65-58 .33], P < 0.001). This predictive model has allowed elaboration of an accurate classification for 85.5% of our sample (specificity 93.75%; sensitivity of 36.84%). The negative and positive predictive values were, respectively, 89.7 and 50.0%.
Mechanical ventilation and intensive care unit stay
The average length of postoperative intubation was 8.3 ± 34.8 h (range 0-336 h). One hundred and fifty-five patients were successfully weaned from mechanical ventilator within 6 h of surgery; on the other hand, 22 patients required a prolonged ventilation (6-12 h in 11 and more than 12 h in 11 cases). A re-intubation was performed in 9 patients for respiratory failure onset. One hundred and sixty-two patients underwent postoperative monitoring and extubation in ICU; 15 patients only (in good cardio-respiratory performance status) were weaned in the recovery-room and monitored for 8 h before being transferred to the ward. The average ICU stay was 31.7 ± 49.9 h (range 0-378 h): an ICU stay longer than 24 h was required in 16 cases. In order to identify the predictors of prolonged intubation more accurately, patients undergoing re-intubation were excluded from the analysis and the sample was divided into two groups (intubation <6 h; intubation ≥6 h). From the simple logistic regression analysis, it emerged that bulbar symptoms (P = 0.012), BMI ≥ 28 (P = 0.018), preoperative myasthenic crises (P = 0.003), plasmapheresis (P = 0.021), extended surgery (P = 0.045) with pulmonary (P = 0.008) or pericardial resection (P = 0.028), NMCs (P = 0.001) and POMCs (P < 0.001) were statistically associated with a prolonged mechanical ventilation. The multivariable logistic regression analysis confirmed a strong association with preoperative myasthenic crises (OR = 3.76 [1.21-11 .66], P = 0.022), NMCs (OR = 3.77 [1.26-11 .27], P = 0.017) and POMCs (OR = 14.99 [5.01-44 .84], P < 0.001); however, NMCs should not be considered concomitantly to POMCs due to a strong statistical association (Table 5) .
With regard to re-intubation, Osserman-stages III-IV (P = 0.028), preoperative myasthenic crises (P = 0.001), plasmapheresis (P = 0.041), extended surgery (P = 0.008) with pleural (P = 0.007) or pericardial resection (P = 0.001), NMCs (P = 0.007), POMC (P < 0.001), total lung capacity (TLC) <80% (P = 0.041), VC <80% (P = 0.007), PaCO 2 > 40 mmHg (P = 0.048) and length of first intubation higher than 6 h (P < 0.001) were found to have a statistically significant effect. Multivariable logistic regression analysis identified pleural resection (OR = 8.32 [1.42-48 .94], P = 0,019) and length of first intubation higher than 6 h (OR = 33.75 [5.94-191 .78], P < 0,001) as independent predictive factors for re-intubation. Statistically significant effects could be estimated also for other comorbidities (P = 0.034), preoperative myasthenic crises (P = 0.017), NMCs (P = 0.017), TLC < 80% (P = 0.044) and VC < 80% (P = 0.026); however, these factors were found to be associated with length of first intubation and/or pleural resection.
In order to analyse predictors of prolonged ICU stay, we have divided the population into two groups (ICU stay ≤24 h, ICU stay >24 h). Simple logistic regression showed a longer ICU stay in patients with Osserman-stages III-IV (P = 0.006), bulbar symptoms (P = 0.041), BMI ≥ 28 (P = 0.023), preoperative myasthenic crises (P < 0.001), preoperative use of plasmapheresis (P = 0.004), extended surgery (P = 0.006) with lung (P = 0.031) or pericardial (P = 0.002) or pleural resection (P = 0.002), thymoma with WHO classification higher than B2 (P = 0.045), NMCs (P < 0.001), POMCs (P < 0.001) and VC < 80% (P = 0.042). The multivariable logistic Results from a logistic regression analysis (n, %, unadjusted and adjusted estimated ORs, relative 95% confidence interval (CI) and P-value. Statistical significance at P < 0.005-in bold). .85], P < 0.001) as independent predictive factors for prolonged ICU stay; a strong association was also found for extended surgery (P = 0.039) with pleural resection (P = 0.029) and NMCs (P = 0.003), but these are strongly associated with pre-and/or POMCs so cannot be considered independent prognostic factors ( Table 6 ).
DISCUSSION
MG, a neuromuscular disease with antibodies against the postsynaptic nicotinic AChR at the neuromuscular junction, can be treated with anticholinesterase agents, surgical thymectomy, immunosuppression and, to reduce the risk of exacerbations, by short-term immunotherapies ( plasmapheresis and intravenous immunoglobulin administration) [1] : any combination of the above-mentioned strategies has been used and the sequence is normally tailored on the clinical conditions of every single subject. MG patients are at risk of developing two types of crises: 'myasthenic' and 'colinergic'. The myasthenic crises, occurring in 15-20% of myasthenic patients in the first 2 years of the disease, is an exacerbation of the symptoms with increased muscle weakness and respiratory deficiency, caused by several different factors including respiratory infections, emotional stress and surgery [8] . This condition may render, in those cases that undergo surgery, the pre-and postoperative management rather difficult. In fact, except for the recommendation that the operation should be performed in a centre where physicians, surgeons, anaesthesiologists and nursing staff are familiar with the peculiar pre-and postop care problems correlated with MG [9] , there is no general agreement on the management of the patient with MG who is thymectomized. Regarding the postop mechanical ventilation, some authors advocate tracheostomy in all cases, with careful weaning from ventilation [10] associated with the immediate withdrawal of anticholinesterase drugs [5] . In contrast, Crawford [11] did not use artificial ventilation routinely and found that it was actually required for two patients only, out of the cohort of 41. The same results are reported by Gorback et al. [12] who advocated early extubation after trans-sternal thymectomy by using appropriate criteria for weaning from mechanical ventilation. Recently, Gritti et al. [13] proposed a new perioperative protocol in a series of 44 MG patients undergoing thoracoscopic thymectomy. Although the application of this protocol resulted in a reduction in the recovery rate of patients in the ICU and in-hospital costs, there was no substantial difference in mortality and morbidity between patients admitted to the surgical ward or to ICU. In this debate, the anaesthesiologist is often immediately faced with decisions concerning patients' ability to tolerate tracheal extubation or their need for prolonged intubation and intensive care. For this reason, the preoperative evaluation of MG patients is central to the success of surgery and the postoperative course. In fact, as reported by Jaretzki [14] , a careful preoperative evaluation of clinical and pneumological features is mandatory before surgery.
In this scenario, the knowledge of predictors of POMCs is essential for anaesthesiologists and surgeons in the pre-and perioperative setting. Despite the great variability in the criteria applied for the calculation of incidences, POMCs after transsternal thymectomy happen from 6.0 to 34% [15] [16] [17] (12.4% in our series). In the literature, some authors have detected different factors as predictive of POMCs. Loach et al. [18] reported that VC of <2.0 l, presence of thymoma, preoperative bulbar symptoms and age >50 years influenced POMCs. Gracey et al. [19] reported that the grade of preoperative bulbar symptoms was the only predictive factor for POMCs. On the other hand, Watanabe et al. [3] showed a strong correlation of POMCs with preoperative bulbar symptoms, anti-AChR level higher than 100 nmol/l and intra-operative blood loss higher than 1000 ml. Chu et al. [4] detected that Osserman-stage higher than 2B, presence of thymoma and NMCs independently predict POMCs. Also, Panda et al. [20] reported that MG patients with Osserman-stages III-IV or thymoma were at higher risk of developing this condition.
In our series, in order to evaluate the predictive factors affecting POMCs, we have analysed clinical, neurological and pneumological features. The surgical approach (extended surgery, pleural or pericardial or lung resection) has been analysed as well: in fact, the operative features must be considered together with the preoperative parameters for a more accurate postop management. Multiple logistic regression analysis showed a strong correlation with Osserman-stage equal to or higher than IIB, BMI ≥ 28, previous history of myasthenic crises, longer duration of MG and lung resection. Although Osserman-stage and previous history of myasthenic crises have been proposed by others as predictive factors for POMCs [3, 4] , a BMI ≥ 28 in association with symptom duration >2 years and lung resection have not been reported so far. Regarding the MG duration, it has been accepted that a prolonged disease is generally related to a poor response [21] : this condition, probably due to the damage accumulation occurring at the neuromuscular plate which worsens the patients' prognosis, could explain the strong association with POMCs. On the other hand, others [4, 18, 20] reported that the presence of thymoma is associated with higher risk of POMCs: in our opinion, rather than the thymomatous lesion itself, a concomitant lung resection is strongly predictive of crises because of the higher extension of surgical treatment, resulting in a greater stressful event on patients affected by MG.
In the literature, some authors have proposed several scoring systems for predicting the need for prolonged mechanical ventilation after thymectomy. Leventhal et al. [22] established a scoring system that takes into account the duration of MG, the dosage of pyridostigmine, lung functional volumes and the presence of concomitant respiratory diseases. Specifically, 12 points are assigned to a disease interval of >72 months, 10 points to a history of respiratory disease, 8 points to a dosage of pyridostigmine of >750 mg/day and 4 points to a VC of < 2.9 l. A total score of 10 or more points predicted the requirement for prolonged postoperative Continued intubation. Another model was proposed by Naguib et al. [23] that identified seven risk factors that correlated with the need for postoperative ventilation: FVC, FEF25-75%, MEF50% and their percentages of the predicted values, as well as gender. These models had several limitations. First, they were built by analysing a limited number of cases (24 patients in [22] and 51 in [23] ). Moreover, as reported by Chevalley et al. [24] , the Leventhal's system demonstrated relatively weak to very weak figures in terms of sensitivity (22.2%), specificity (77.8%), positive predictive value (25%) and negative predictive value (75%) for assessing the need for a postoperative ventilatory support. Also, although different prognostic factors have been reported by both models, the clinical evaluation was not integrated with surgical extension data to eventually obtain a potentially more specific scoring system. In fact, as reported by ourselves, concerning the weight of each variable in our system, a patient undergoing lung resection should have a score (2.5) higher than in the case of BMI ≥ 28 (1.0) or longer duration of symptoms (2.0): this difference means that the effects of the surgical procedure could have a greater impact on the development of POMCs rather than on the clinical or pneumological parameters. Considering the strong association between a prolonged intubation and POMCs (P < 0.001), our model could be of help for the anaesthesiologist in the process of selecting which patients benefit from an early extubation. In fact, the detected high specificity (93.75%) and negative predictive value (89.7%) result in lower probability of POMCs (Group I and Group II). In particular, in these patients' sub-sets, a prolonged intubation can be avoided to prevent the onset of cardiopulmonary complications related to mechanical ventilation.
The results of the present study are limited under several aspects: (1) its retrospective nature with a real possibility of a selection bias; (2) the non-standardized medical treatment of the patients enrolled in the study; (3) the number of patients may not Continued be sufficient for a solid multivariate logistic regression analysis; (4) patients were not stratified into detailed clinical status categories according to the classification developed by the MG Foundation of America because of this subset of patients constitutes only a small part (52%) of the total sample; (5) the study is limited by lack of data concerning the duration of surgery and the length/kind of anaesthesia and (6) the patients population is not entirely homogeneous within the four risk groups. Albeit randomized controlled trials are not always possible for ethical considerations in the setting of MG due, as well, to biases in the clinical judgement and eventually to unwillingness from the investigators or patients [25] , we advocate larger analyses aimed at refining the stratifiers we adopted in our proposed classification.
In conclusion, due to high incidence reported in literature, the risk of POMCs must be carefully considered when evaluating MG patients undergoing surgery. Our study showed a strong correlation between POMCs and Osserman-stage equal to or higher than IIB, BMI ≥ 28, previous history of myasthenic crises, longer duration of MG and lung resection. A scoring system, obtained with these prognostic factors, could help the anaesthesiologists and surgeons in detecting which patient will have a higher probability to develop a myasthenic complication, regardless the adopted surgical procedure. Further studies with a larger number of patients are needed to confirm these preliminary data and also to investigate the impact of this scoring system on new postoperative management protocols, in the light of new evidences in the field reported elsewhere [13] . Results from a logistic regression analysis (n, %, unadjusted and adjusted estimated ORs, relative 95% CI and P-value. Statistical significance at P < 0.005-in bold). 
